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Abstract: Four kaolinite samples were obtained by free settling from the same Chinese 
deposit. Their particle size, morphology, order of crystallinity and structural defects are 
characterized by the combination of characterization techniques including particle size 
analysis, scanning electron microscopy (SEM), X-ray diffraction (XRD), Raman and 
FTIR spectroscopy. The kaolinites showed increasing particle size with average aspect 
ratio (width to thickness) around 5.0, 3.6, 2.5 and 0.6. The agglomeration and defect of the 
flakes become strong with increase in kaolinite particle size, and associated with the 
specific surface area decreased gradually. Four kaolinites all belong to the ordered 
kaolinite and show a reduction in structural order from the fine grain to coarse particle. 
This property is in harmony with the increase of the band splitting in Raman spectroscopy 
and the decrease of the absorption band intensity in infrared spectroscopy. The differences 
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in morphology and structural defects are attributed to the amount of the broken bonds of 
Al-O-Si, Al-O-Al and Si-O-Si in the development of kaolinite crystals. 
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1 Introduction 
Kaolinite is a 1:1 type layer structure with the basic unit consisting of a tetrahedral 
sheet of SiO4 siloxane units and an octahedral sheet of AlO2 (OH)4 with the stacked layers 
linked by van der Waals attraction and hydrogen bonding [1, 2]. The ideal chemical 
composition of kaolinite is Al2O3 39.53%, SiO2 46.51% and H2O 13.96%. The octahedral 
sheets have hydroxyl groups on the interlayer surfaces, whereas the tetrahedral sheets 
have oxide surfaces, providing an asymmetric environment. The layers are less tightly 
linked together through hydrogen-bonding between hydroxyl sites in the gibbsite basal 
plane and the oxygen of the silicon tetrahedral sheet in the ‘c-axis’ direction and hence can 
be separated easily [3].  
Kaolinite has a wide variety of applications in industry, a major component of 
ceramics, particularly as paper filler, coating pigment, an extender in water-based paints 
and ink, and as rubber filler [4, 5] and other polymeric materials [6, 7]. It is also 
commonly used as a component of catalysts for the catalytic cracking process of oil, 
adsorbent for water purification treatments, and a support for drug adsorption and 
controlled release [8, 9]. The use of silylated kaolinite/silica (SMKS) particles as 
reinforcing materials for styrene butadiene rubber (SBR) has been studied [10, 11]. In 
addition, kaolinite may be used as a matrix for photocatalysts and can enhance a material's 
photocatalytic activity [12, 13]. The relationship between the crystallinity, thermal 
stability and surface properties of four soft kaolinites from China have been studied [14]. 
However, little attention has been paid to the physicochemical characteristics of the same 
source kaolinites with different aspect ratios and the role of the variation in these 
characteristics of the mineral is rarely discussed in the preparation of materials. Some 
characteristics of kaolinite, including the morphology, crystal order, structural defect and 
surface properties directly determine the kaolinite technical applications. Therefore, a 
detailed study on the mineralogical characteristics of kaolinite should be required, and 
would be most useful in the field of mineral-based functional composites [15, 16]. 
In this work, the focus is the analysis of the relationship between the particle size, 
morphology, degree of crystallinity and structural defect of four classification kaolinites 
from the same source.  
 
2 Experimental 
Four kaolinite samples were obtained by free settling from a deposit with 
hydrothermal alteration origin in China (Zhangjiakou). The raw kaolinite was blended 
with water at a weight ratio of 1:4, and added 0.5% sodium hexametaphosphate as 
dispersant. The pH of suspension was adjusted to 10.0 using a suitable sodium hydroxide 
solution, and stirred for two hours. Then, the upper suspension was extracted to another 
container with siphon method after settling for 10 mins. The sand and mud at the bottom 
were separated from the kaolinite suspension. The new suspension was resettled 
according to the set time. After settling for 480 mins, the 2 cm high suspension extracted 
from the upper was labeled as the sample of FS-1; the rest of the suspension was stirred 
one hour again and resettled 184 mins. FS-2 was obtained through siphoning the 1 cm part 
of the stable suspension in the upper; FS-3 was also obtained according to the same 
processing method of FS-2 after resettled 114 minutes. The residual suspension was 
labeled as sample FS-4. 
The particle size distribution of the four kaolinite samples was measured by using a 
Mastersizer 2000 laser particle size analyzer of Malvern company (wet, cycle injection 
mode, and test time: 1-2 min). For electron microscope examination, the kaolinite 
powders were adhered to Cu stubs using conductive adhesive, and scanning electron 
microscopy (SEM) micrographs were obtained with a S4800 LV electron microscope 
under 50 kV. Variation in kaolinite crystallinity was assessed by powder X-ray 
diffractometer traces of unoriented powders, acquired with a RagKu D/max-2000 18 kW 
X-ray diffractometer with Cu Kα radiation, 40 kV, 150 mA, and a scanning rate of 2°/min 
over the range 2.5-75° (2θ). The Raman spectra were recorded at a resolution of 4 cm-1 
using an inVia Laser confocal Raman spectroscopy system, at the conditions of 514.5 nm 
laser wavelength, 65μm slit-width, 10s time constant and 3 scanning times. The FTIR 
spectra of the kaolinite samples were recorded on a Bruker Tensor27-spectrometer in the 
region 4000-400 cm-1 using potassium bromide/kaolinite pellet technique at the ratio of 
200 to 1. 
 
3 Results and discussion 
3.1 Particle size of kaolinite 
The particle size distributions of the classification kaolinite samples measured by 
laser analyzer are shown in Figure 1. The particle size indices of kaolinite, including the 
average particle size (D50) and particle size cumulative volume frequency (D10, D90), are 
given in Table 1. As seen in Fig. 1, three kinds of distribution peaks of the particles size 
can be observed in the curves of FS-1, FS-3 and FS-4, whereas only two peaks is found in 
that of FS-2. Meanwhile, most particles are in the range of 0.5-4.0μm for four kaolinite 
samples. Fig. 1 shows that FS-3 and FS-4 contain more particles beyond 4μm than FS-1 
and FS-2. It is obvious that the particles larger than 5μm are close to zero for the samples 
of FS-1 and FS-2. Therefore, FS-1 and FS-2 of D50 and D90 are smaller than FS-3 and FS-4 
(Table 1). The particles within the range of 0.5-2μm are in the majority for FS-1 and FS-2 
in second place; however, FS-3 particle size distribution is focused in the range of 2μm to 
4μm; in addition, FS-4 has much more particles large than 5μm than FS-3.  
 
Insert Table 1 here 
 
Insert Fig. 1 here  
 
3.2 Morphology and specific surface area 
Kaolinite is a layered aluminosilicate in which each layer in the structure in reality 
consists of two sub-layers, as shown in Fig. 2. The AlO6 sub-layer consists of octahedrally 
coordinated Al and structural water in the form of hydroxyl groups. The other sub-layer 
consists of SiO4 tetrahedrally coordinated Si. Two sub-layers are held together by Al-O-Si 
bonds formed in sharing the oxygen atom surface. The atoms, such as Al and Al, Al and Si, 
Si and Si, are linked by the way of sharing the O atoms and form the structures of Al-O-Si, 
Al-O-Al and Si-O-Si. The whole layer is neutral and two adjacent layers are linked 
through the -Al-O-H···O-Si- hydrogen bonds [17]. Under the geological and mechanical 
action forces, the kaolinite layers are usually destroyed and much unsaturated oxygen (O) 
atoms are exposed in the surface due to the broken bonds of Al-O-Si, Al-O-Al and Si-O-Si, 
with obvious changes of the surface charges and structural defects of kaolinite layers 
simultaneously. Then, the kaolinite platelets come into contact with each other in the state 
of edge-edge (EE), edge-face (EF) and face-face (FF). The inter-particle associations and 
contractions form loose aggregates as open and compacted aggregates [18]. 
 
Insert Fig. 2 here 
 
From FS-1 to FS-4 samples, the kaolinite particles are about 2.5μm in width, and 0.5, 
0.7, 1.0 and 4.0μm in thickness, with average aspect ratio (width to thickness) of about 5.0, 
3.6, 2.5 and 0.6, individually, as shown in Fig. 3. The aspect ratio becomes low with the 
increase of particle size. The change tendency in particle size of four kaolinite samples in 
SEM is in good agreement with the results observed from the particle size analyzer (Table 
1), which may be due to the presence of blocky kaolinite agglomerate. Morphological 
changes are evident in scanning electron micrographs (Fig. 3) for the four free setting 
samples. Some pseudohexagonal platelets are observed in the kaolinite samples, which 
appear to the characteristic of the higher crystallinity. The FS-1 sample (Fig. 3a and Fig. 
3b) has a more regular edge and the FS-4 shows much variation in platelet side. It 
indicates that the surface defect is increasing from FS-1 to FS-4 sample. In addition the 
kaolinite particles of FS-1 sample have a good dispersion and the smallest platelet in 
thickness among four kaolinite samples; a few particles contact each other in the state of 
edge- edge (EE) or edge-face (EF) because the most abundant surface charges can be 
balanced by the ion of the forming environment; there is little agglomerate phenomenon 
and the flakes are exfoliated individually. This kind of kaolinite has comparative low 
defect in the layer surface and the structures of Al-O-Si, Al-O-Al and Si-O-Si can be 
retained much more. As for the FS-2 sample, there are three kinds of inter-particle 
associations, such as edge-edge (EE), edge-face (EF) and face-face (FF). A small amount 
of kaolinite particles begin to agglomerate, and the particle size is larger than that of FS-1 
sample due to the higher surface defect (Fig. 3c and Fig. 3d). The FS-3 sample maintains 
increase in particle size; it also has three kinds of inter-particle association including 
edge-edge (EE), edge-face (EF) and face-face (FF) because the insufficiency of the ions to 
balance the abundant surface charges, while the state of face-face (FF) becomes obvious 
and has already formed the much bigger agglomerating structure like books with 
somewhat ragged edges (Fig. 3e and Fig. 3f). In the samples of FS-2 and FS-3, some 
cardhouse-like structure [18] emerges due to the higher defect on the layer side. With the 
increase of structural defect of kaolinite layers, the contacts of edge-face (EF) and 
edge-edge (EE) can’t satisfy the requirement in eliminating the defect charges. The layers 
are associated together through the comparative stronger hydrogen bonds 
(-Al-O-H···O-Si-) and contracted more tightly. Therefore, face-face (FF) contacts between 
the kaolinite sheets are very remarkable in FS-4 and the edge-face (EF) and edge-edge 
(EE) of the layer sides are disappeared nearly, as showed clearly in Fig. 3g and Fig. 3h. 
The book-like kaolinite increases obviously and has formed the vermicular structure with 
lower aspect ratio, which leads to the largest particle size for FS-4 compared with the 
other kaolinites. 
 
Insert Fig. 3 here 
 
The agglomeration and defect of the flakes are strongly associated with the surface 
properties of kaolinite samples. The specific surface area (SSA) of the classification 
kaolinite samples are showed in Table 1. The SSA value of FS-1, FS-2, FS-3 and FS-4 was 
7.01, 5.13, 3.99 and 3.69m2/g, respectively. The specific surface area decreases gradually 
with the increase of kaolinite particle size. The highest surface area of FS-1 sample is an 
effect of the increased pore volume due to many fine kaolinite particles stacking loosely 
which resulted in the formation of a porous structure.  
 
3.3 XRD analysis 
 
The XRD patterns of the four different classification samples are shown in Fig. 4 and 
in good agreement with the standard PDF card of JCPDS 14-0164 for kaolinite-1A. As 
kaolinite formation and growth occurred under different geological conditions, its crystal 
structure and degree of order would be expected to be highly complex, due to the many 
environmental factors affecting kaolinite order such as layer stacking disorders, cation 
distribution disorders, and non-planar layer structures [19]. The Hinckley index (HI) is 
one of the more widely used crystallinity indices of kaolinite order [20]. As illustrated in 
Fig. 5X, HI is the ratio of the height above background of the 1-10 (A) and 11-1 (B) peaks 
above the band of overlapping peaks occurring between 19-24°(2θ) compared to the total 
height of the l-10 (At) above background [21]. Kaolinite is broadly categorized as ordered 
(HI>1.0), or disordered (HI<1.0). R2 (Liètard 1977) is sensitive to the presence of random 
defects only, and calculated with the 1-31 and 131 peak intensities and the counts in the 
valley between them (Fig. 5Y), reported values range from <0.7 (disordered) to 1.2 
(ordered). The indices of HI and R2 both can be applied to illustrate the structural 
order-disorder of kaolinite. 
 
Insert Fig. 4 here 
 
In partial enlargement patterns Fig. 5, the d020, d1-10, d-1-11, d003, d1-30 and d1-3-1 typical 
diffractions for kaolinite-1A are clearly seen in regions of 19 to 24° (2θ) and 34 to 40° (2θ). 
The HI and R2 values are shown in Table 2. The HI values in this work range from 1.194 
(FS-1) to 1.134 (FS-4) and the R2 values range from 1.154 (FS-1) to 1.117 (FS-4), which 
indicates that four kaolinites all belong to the category of ordered kaolinites with the 
increase of the particle size of kaolinite from FS-1 to FS-4. While the R2 values further 
illustrate the increase of random defects of kaolinite crystal. 
 
Insert Table 2 here 
 
Insert Fig. 5 here 
 
The kaolinites of FS-1, FS-2, FS-3 and FS-4 come from the same source position, and 
belong to the same genetic type. There are few changes in diffraction angle (2θ) and 
spacing distance (d) from 19° to 40°. But the XRD pattern (X and Y enlargement area in 
Fig. 4) shows that the intensities of the most diffraction peaks are decreased, and (020) 
diffraction intensity is comparatively high as the kaolinite particle size increases, while 
the (1-10), (11-1), (1-31) and (131) diffraction peaks of FS-4 become not sharp, which 
leads to their different Hinckley index (HI) and R2 values. A tendency as shown in XRD 
results, the lower the crystallinity index and R2, and the higher crystal defect and disorder 
as the increase of particle size of kaolinite, can be also observed in SEM photographs (Fig. 
3). 
 
3.4 Raman spectroscopic analysis 
The full Raman spectra of the four kaolinite samples with different particle sizes are 
shown in Fig. 6. In the range of 3800-3200 cm-1 (Fig. 7X), five hydroxyl stretching bands 
emerge, at 3693 and 3685 cm-1 attributed to the longitudinal and transverse optic modes of 
the inner surface hydroxyls, at 3668 and 3652 cm-1 attributed to the out-of phase 
vibrations of the inner surface hydroxyls, and at 3620 cm-1 assigned to the stretching 
vibration of the inner hydroxyl. In the sample of FS-4, two bands at 3696 cm-1 and 3685 
cm-1are observed in the spectral profile at 3693 cm-1 assigned to TO/LO splitting [16]. The 
splitting tendency becomes significant step by step from FS-1 to FS-4. The change of the 
intensity ratio at 3696 cm-1 and 3685 cm-1 depends on the orientation of kaolinite crystal, 
which can be used as a guide for determination of kaolinite order and disorder [15, 22-27]. 
The four kaolinite samples from FS-1 to FS-4 show the reducing tendency in ordered 
degree, which not only evidenced by Hinckley index and R2 value in XRD analysis but 
also by the SEM images. 
 
Insert Fig. 6 here 
 
The low-wavenumber region may be conveniently divided into several sections 
according to the type of vibration that is observed. These are the Si-O stretching vibrations, 
the -OH deformation region, the -OH translation modes, the O-Si-O bending modes and 
hydrogen bond vibrations [27]. In Fig. 7Y, the 800-700 cm-1 region is attributed to -OH 
translation modes due to the flexing of O-Si-O framework. Two intense bands are 
observed at 788 cm-1 and at 745 cm-1 with a low-intensity band at 725 cm-1. The intensity 
of the bands in this region is an indication of the measure of the disorder in the layer 
structure of the kaolinite [27]. There is a low intensity band at 725 cm-1 in FS-3 and FS-4 
samples. The strong band at 634 cm-1 is attributed to hydroxyl (Al-OH) translational 
vibration. The region from 300-550 cm-1 is attributed to O-Si-O bending modes and 
related vibrations. Several bands are observed at 512, 462, 429 and 391 cm-1. The band at 
338 cm-1 is another bending vibration of O-Si-O and always intense in the Raman spectra 
of kaolinites. The bands at 271 cm-1 and 242 cm-1 are assigned to the OH-O vibrational 
modes. All the bands of -OH, O-Si-O and OH-O begin to split as the increase of the 
particle size of kaolinite in four samples. 
 
Insert Fig. 7 here 
 
3.5 FTIR spectroscopic analysis 
The hydroxyl stretching, Si-O stretching and bending vibration peaks of four 
kaolinite samples in the ranges 3800-3000, 1200-840 and 800-400 cm-1, are shown in Fig. 
8; the corresponding vibrational assignments are summarized in Table 3 [3, 28]. Kaolinite 
samples exhibit all the characteristic bands of four hydroxyl stretching vibration centered 
at 3695, 3668, 3653, and 3620 cm-1 (Fig. 9X). The front three high frequency vibrational 
bands belong to the stretches of the inner-surface hydroxyl groups, whereas the band at 
3620 cm-1 is correspond to the inner hydroxyl groups. The band at 3668 cm-1 attributed to 
the transverse optic vibration of the inner surface hydroxyl depends on the particle size as 
well as structural deformation of the kaolinite, and as the size of the particles increases 
and the number of defects increases, resulting in the low absorbance intensity of the band 
[16]. In addition, there are three hydroxyl bands at 3485 cm-1 and 3454 cm-1, 1634 cm−1 
attributed to the interlayer water-OH stretching vibration and physical adsorbed 
water-OH vibration of four classification kaolinite samples (Table 4), respectively. As the 
increase of kaolinite particle size, the heights of seven hydroxyl bands are decreased 
gradually from FS-1 to FS-4 (Fig. 9X and Table 3). In addition, in the lower frequency 
region of the IR spectra (1200-400 cm-1), the bands at 795 cm-1, 754 cm-1 and 696 cm-1 
corresponded to hydroxyl group (Al-OH) perpendicular to the surface (the so-called 
“translational-OH”) show the same reducing tendency.  
 
Insert Table 3 here 
 
Insert Fig. 8 here 
 
The band at 1115 cm-1 explains the existence of Si-O bonds in this structure, the 
absorption bands at 914 cm-1 and 937 cm-1 represent the Al-OH bending vibrations, and 
the band at 538 cm-1 indicates the Si-O-Al bending vibration. Major changes were 
observed to the shape of the strongest adsorption bands at 1034 cm-1 and 1011 cm-1 
attributed to skeleton Si-O-Si stretching vibrations were associated with the change of the 
kaolinite structural defect [16]. These spectral bands become weak gradually from FS-1 
to FS-4. Furthermore, the intensity changes of Al-OH signals at 914 cm-1 as particle size 
increase are consistent with the structural defect variation of the octahedral A1O6 sheets 
on the surface of the kaolinite (Fig. 9Y). The bands at 432 cm-1, 471 cm-1 and 538 cm-1 
correspond to the Si-O, Al-O-Si and Si-O-Si deformations vibration [16], show the 
similar change tendency in Figure 9Z. The groups of -OH, Si-O, Al-O-Si and Si-O-Si are 
decreased gradually in intensities from FS-1 to FS-4. The intensity changes of all bands 
are mainly attributed to the increase of the structural defect in kaolinite layers. With the 
increase of structural defect, the amount of the broken bonds of Al-O-Si, Al-O-Al and 
Si-O-Si increases, the amount of Si-O and Al-OH are reduced significantly due to the 
decrease of sharing O atoms. Infrared and Raman spectra of four kaolinite samples 
display the same change tendency in the structural defect. 
 
Insert Fig. 9 here 
 
4 Conclusions 
From FS-1 to FS-4 samples, the kaolinites are increasing in particle size with average 
aspect ratio around 5.0, 3.6, 2.5 and 0.6. The agglomeration and defect of the flakes 
become strong with the increase of kaolinite particle size, and associated with the specific 
surface area decreasing gradually. The HI values in this work range from 1.194 (FS-1) to 
1.134 (FS-4) and the R2 values range from 1.154 (FS-1) to 1.117 (FS-4), which indicates 
that four kaolinites all belong to the ordered kaolinite and appear the same inducing 
tendency in order degree with the increase of the particle size of kaolinite from FS-1 to 
FS-4. Two Raman bands at 3696 cm-1 and 3685 cm-1 are observed in the spectral profile at 
3693 cm-1 for the comparative high-defect kaolinite and assigned to TO/LO splitting in 
FS-4. The splitting tendency becomes significant step by step from FS-1 to FS-4. A weak 
band illustrated the high-defect is observed at 725 cm-1 in FS-3 and FS-4 samples. All the 
bands of -OH, O-Si-O and OH-O in Raman spectrum begin to split as the increase of the 
particle size of kaolinite in four samples. In infrared spectrum, the intensities of all 
absorption bands show the downtrend as the increase of particle size from FS-1 to FS-4. 
The changes of the -OH, Si-O, Al-O-Si and Si-O-Si bands in intensity mainly are 
attributed to the increase of the structural defect in kaolinite and the amount of the broken 
bonds of Al-O-Si, Al-O-Al and Si-O-Si in the formation of kaolinite crystals. The 
reducing tendency in ordered degree and an uplifted tendency in structural defect from 
FS-1 to FS-4 not only characterized by the analysis of particle size and XRD, but also 
approved by the increase of the band split in Raman spectroscopy and the decrease of the 
absorption band intensity in Infrared spectroscopy. 
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Table 1 Particle size characteristic (D10、D50、D90) and specific surface area (SBET). 
 
Samples D10 (μ m) D50 (μ m) D90 (μ m) SBET(m2/g) 
FS-1 0.466 1.004 2.115 7.01 
FS-2 0.655 1.401 2.590 5.13 
FS-3 0.804 1.935 3.871 3.99 
FS-4 0.796 2.184 6.305 3.69 
 
  
 
Table 2 Crystallinity indexes of four kaolinite samples. 
 
Samples At A B HI K2 K K1 R2 
FS-1 1591 862 1038 1.194 1073 154 778 1.154 
FS-2 1802 1038 1059 1.164 1276 182 809 1.139 
FS-3 1732 1016 981 1.153 1213 189 841 1.121 
FS-4 1774 1002 1009 1.134 1290 203 890 1.117 
Hinckley index HI = (A+B)/At, R2 = [1.5(K1+K2)-3K] / (K1+K2+K). 
  
Table 3 Assignment of FTIR vibrations recorded for kaolinite samples. 
 
Wavenumbers (cm-1) and absorbance 
Suggested assignments 
FS-1 FS-2 FS-3 FS-4 
3695/1.37 3695/1.02 3695/0.93 3695/0.48
Inner surface-OH in-phase stretching vibration [28, 
29] 
3668/0.80 
3653/0.79 
3668/0.55 
3653/0.56 
3668/0.46
3653/0.46
3668/0.30
3653/0.30
Inner surface-OH out-of-phase stretching vibration 
[30, 31] 
3620/1.26 3620/0.88 3620/0.72 3620/0.42 Inner-OH stretching vibration [29, 30, 32] 
3485/0.42 3485/0.31 3483/0.27 3483/0.20
Interlayer water-OH vibration [31] 
3454/0.44 3452/0.32 3452/0.29 3452/0.21
1635/0.20 1637/0.16 1637/0.14 1637/0.12 Physical adsorbed water-OH vibration [33] 
1115/1.84 1115/1.37 1113/1.19 1115/0.62 Apical Si-O stretching vibration [33, 34] 
1034/3.05 1030/2.31 1032/2.02 1032/1.03
Skeleton Si-O-Si stretching vibration [33, 34] 
1011/2.88 1011/2.20 1009/1.93 1009/0.98
937/1.11 937/0.80 937/0.66 937/0.39 
Al-OH bending vibration [29, 33] 
914/1.60 912/1.16 914/0.97 912/0.54 
796/0.41 798/0.30 796/0.27 796/0.20 
-OH (Al-OH) translational vibration [22, 35] 756/0.46 756/0.36 756/0.31 752/0.21 
700/0.79 698/0.61 698/0.53 696/0.31 
538/2.29 540/1.76 540/1.51 540/0.79 Si-O-AlVI bending vibration [29] 
471/2.06 471/1.54 471/1.29 471/0.70 
Si-O bending vibration [29, 33] 
432/1.25 432/0.91 432/0.74 432/0.43 
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Fig. 1 Particle size distributions for four kaolinite samples. 
 
 
Fig. 2 kaolinite structure diagram 
  
   
  
  
  
 
Fig. 3 SEM images of four kaolinite samples: FS-1 (a, b), FS-2 (c, d), FS-3 (e, f), FS-4 (g, 
h). 
a b 
e 
g 
c d 
f 
h 
 
 
 
10 20 30 40 50 60 70 80 90 100
 
 
X
FS-1
FS-2
FS-3In
te
ns
ity
 (C
PS
)
2-Theta (degree)
FS-4
Y
 
 
Fig. 4 X-ray diffraction patterns for four kaolinite samples 
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Fig. 5 Partial enlargement X-ray diffraction patterns for four kaolinite samples 
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Fig. 6 Full Raman spectrum patterns for four kaolinite samples 
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Fig. 7 Partial enlargement Raman spectrum patterns for four kaolinite samples 
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Fig. 8 FTIR spectral patterns for four kaolinite samples 
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Fig. 9 Partial enlargement FTIR spectrum patterns for four kaolinite samples 
 
  
Graphical Abstract 
 
The ‐OH, Si‐O, Al‐O‐Si and Si‐O‐Si bands are decreased gradually  in  intensity from 
the  fine  grain  to  coarse  particle, which  attributed  to  the  increase  of  the  structural 
defect  in  kaolinite  layers. With  the  increase  of  structural  defect,  the  amount  of  the 
broken bonds of Al‐O‐Si, Al‐O‐Al and Si‐O‐Si  increases, the amount of Si‐O and Al‐OH 
are reduced significantly due to the decrease of sharing O atoms.   
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Partial enlargement FTIR spectrum patterns for four kaolinite samples 
 
 
 
